abstract BACKGROUND: Previous studies have revealed conflicting results for the Breastfeeding Assessment Score (BAS) in predicting early breastfeeding cessation. Our objective was to externally validate the BAS and provide summary accuracy estimates for this clinical prediction model.
Based on the benefits of breastfeeding for infant and mother health, current guidelines advocate exclusive breastfeeding for the first 6 months of life, continuing to 1 year or more with the addition of complementary food at 6 months of age. 1 Although the rate of breastfeeding initiation has increased over the past decade in Western countries, 2 between 10% and 30% of mothers who initiate breastfeeding fail to continue by 2 weeks of infant age. 3, 4 Mothers who discontinue breastfeeding prematurely often report a lack of confidence in their ability to breastfeed, a high prevalence of problems such as painful breasts and nipples or latching difficulties, and a lack of appropriate guidance. [3] [4] [5] Several breastfeeding assessment tools have been developed with various purposes ranging from identifying feeding problems in neonates to assessing maternal attitudes and confidence. 6, 7 Although these tools have demonstrated moderate to acceptable validity and reliability in accordance with psychometric theory, [6] [7] [8] only scarce data exist on their accuracy in predicting early breastfeeding cessation.
The Breastfeeding Assessment Score 9 (BAS) is a clinical prediction model designed to assist health care providers in identifying breastfeeding mothers at higher risk for early cessation and who may benefit from support by pediatricians or lactation consultants. 10 The BAS comprises 8 clinical variables that are routinely available in the maternity ward. Five variables (maternal age, previous breastfeeding experience, latching difficulty, breastfeeding interval, and number of bottles in hospital) are scored on a 0 to 2 scale (Table 1) . Three variables are scored as 22 (previous breast surgery, pregnancyinduced hypertension, and vacuum vaginal delivery). The BAS ranges from 26 to 10, with a lower score representing a higher risk for early breastfeeding cessation. In the original derivation cohort, 9 the breastfeeding cessation rate by 10 days of age was 21% for mother-infant pairs with a BAS value lower than 8 compared with 5% for those with a BAS value equal to or higher than 8. Although the BAS has been adopted in various settings, [11] [12] [13] previous accuracy studies have revealed conflicting results, [14] [15] [16] and summary accuracy estimates are still lacking for this clinical prediction model.
Our primary objective was to externally validate the accuracy of the BAS in predicting early breastfeeding cessation, using the original data from a prospective cohort study. Our secondary objective was to provide summary accuracy estimates for the BAS prediction of early cessation among women who were breastfeeding on discharge from hospital, based on the findings from a systematic review with metaanalysis of prospective cohort studies.
METHODS

Study Design
We used the original data from a controlled pre-and postintervention study involving 8 maternity units in France. 12 To prevent duplicate publication of data from the same study, 14 we analyzed the data for mothers enrolled during the postintervention study period in the present article. All enrolled mothers provided informed consent for participation and follow-up. The study protocol was approved by the Ethics Committee of the French Data Protection Agency (Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé, Paris, France).
Study Population
Seven days a week, consecutive mother-infant pairs were assessed for eligibility and enrolled by a physician in each maternity unit. Mothers were eligible if they had given birth to a healthy singleton infant (ie, gestational age from 37 to 42 completed weeks and weight $2500 g) and were breastfeeding on the day of discharge. Mother-infant pairs were excluded if the infant was admitted to a neonatal unit or if the mother was ,18 years of age, refused to participate in the study, was unable to speak French, or was unlikely to complete follow-up because of psychosocial problems such as homelessness.
Data Collection
A midwife or a pediatrician in each maternity unit prospectively collected detailed data on baseline characteristics, maternity ward practices, and the 8 clinical predictors that comprised the BAS by using a case report form. Based on data prospectively collected during the maternity stay, we retrospectively computed the BAS for each mother-infant pair (Table 1) .
Outcome Measure
The primary outcome measure was breastfeeding cessation within 14 days of infant age. As part of the original study, 12 2 trained research assistants blinded to the BAS results conducted structured follow-up telephone interviews with mothers to obtain data on breastfeeding continuation at 1 and 6 months postpartum. They asked whether the mother was still breastfeeding on the day of the interview or within the previous 24 hours. If the mother was no longer breastfeeding, the research assistant asked the age at which the infant had been weaned and the reasons for weaning. The duration of any breastfeeding was computed as the time from birth to breastfeeding discontinuation. Consistent with World Health Organization terminology, 17 any breastfeeding was defined as infant receipt of breast milk, including exclusive breastfeeding, predominant breastfeeding, or complementary feeding.
Systematic Review and Meta-analysis
The review complied with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses statement 18 and with the recommendations from the Cochrane diagnostic test accuracy working group. 19 The inclusion criteria and analysis methods were prespecified and documented in a protocol (PROSPERO registration number 2013: CRD42013005184). Briefly, prospective cohort studies were eligible if BAS was computed at baseline and mother-infant pairs were followed up for breastfeeding cessation. Consistent with the inclusion criteria of the original BAS derivation cohort study, 9 the review focused primarily on studies enrolling consecutive mothers who had given birth to healthy infants (with a gestational age between 35 and 42 completed weeks) and were breastfeeding on the day of discharge. 
Data Sources and Searches
Data Extraction
Using a data abstraction form, the 2 review authors independently extracted the following information for each primary study: publication details, country, setting, enrollment period, study design, recruitment, sample size, baseline mother-infant pair characteristics, reference standard, follow-up period for assessing breastfeeding status, BAS details, and the numbers of truepositive, false-positive, false-negative, and true-negative cases. Primary data were requested from corresponding authors when core data required for the meta-analysis yielded inconsistencies or could not be extracted from the main record or additional citations in the reference list. Studies for which sufficient details on outcome data were not available despite contacting the authors were excluded from the meta-analysis.
Assessment of Study Quality
The 2 review authors independently assessed the methodological quality of the included studies, using a checklist adapted from the Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool. 20 The QUADAS-2 tool comprises 4 domains: patient selection, index test, reference standard, and flow and timing. Each domain is evaluated in terms of risk of bias, whereas the first 3 domains are also assessed with respect to applicability to clinical practice. 20 No primary study was excluded on the basis of methodological quality assessment results.
Statistical Analysis
Baseline characteristics of mother-infant pairs enrolled in the external validation cohort study were reported as percentages for categorical variables and means and SDs or medians and interquartile ranges (IQRs; ie, 25th and 75th percentiles) for continuous variables. The predictive performance of the BAS was evaluated in terms of both discrimination and calibration. 21 Discrimination referred to the ability of the BAS to distinguish mothers with and without early breastfeeding cessation. It was quantified by the area under the receiver operating characteristic (ROC) curve. Consistent with the original derivation study, 9 we also estimated the sensitivity, specificity, positive predictive value, and negative predictive value for a BAS value lower than 8.
Calibration measured the agreement between BAS-predicted probability and observed frequency of early breastfeeding cessation. Predicted probabilities of early cessation were derived by using b logistic regression coefficients for BAS predictors and intercept as supplied by the developers (Table 1) . Calibration was evaluated graphically by plotting observed early breastfeeding cessation frequencies against the predicted probabilities for mothers grouped by BAS values. 22 A calibration plot on the 45°line denoted perfect agreement between BAS-predicted probabilities and observed frequencies over the whole range of probabilities. Calibration was formally assessed by using the calibration-in-the-large estimate (ie, mean difference between BASpredicted and observed rates) and the unreliability (U)-statistic, which is a joint test of calibration logistic regression intercept and slope coefficients (the intercept is 0 and the slope 1 for well-calibrated clinical prediction models). 22 Observations with missing values for 1 or more BAS predictors were discarded from the main analysis. However, we performed multiple imputations of missing values to assess the robustness of the findings.
For this purpose, all individual predictors comprising the BAS and early breastfeeding cessation status were entered into the imputation model. Fifty imputed data sets were created with a total run length of 50 000 iterations and imputations made every 1000 iterations.
For every primary study included in the meta-analysis, we computed sensitivity and specificity point estimates, as well as corresponding 95% confidence intervals (CIs) from the extracted data, for a BAS value lower than 8. Data synthesis was performed by using an "exact" binomial extension of the bivariate mixed-effect regression model for meta-analysis of diagnostic test accuracy studies. 23, 24 This model hierarchically accounts for withinand between-study variability of index test sensitivity and specificity. 25 Summary sensitivity and specificity estimates were derived from bivariate mixed-effect regression model parameter estimates.
Between-study heterogeneity was evaluated graphically by examining coupled forest plots of sensitivity and specificity and statistically by using the I 2 inconsistency index. 26 The I 2 index provides an estimate of the percentage of total variance across studies due to heterogeneity rather than chance. An I 2 index of 0% indicates no evidence of heterogeneity and higher values reflect increasing heterogeneity. 26 To assess the robustness of the findings, we performed a subgroup analysis restricted to primary studies fulfilling 5 or more QUADAS-2 tool criteria.
Evidence of selective reporting bias was assessed graphically by examining a scatterplot of the log of the diagnostic odds ratio against the inverse of the square root of the effective sample size. 27 Asymmetry was formally evaluated for statistical significance by using effective sample size-weighted regression. 27 Two-sided P values ,0.05 were considered statistically significant. Analyses were performed by using Stata version 11.0 (Stata Corp, College Station, TX) and RevMan.
RESULTS
External Validation of the BAS
Of 565 mothers enrolled in the original study, 2 were excluded because an exclusion criterion was discovered after enrollment and 64 declined follow-up interviews, leaving an analytical sample of 499 mother-infant pairs. Mothers who declined follow-up interviews were less educated (43.3% vs 27.1% had a high school degree or less, P = .009) and more likely to use a pacifier during the maternity ward stay (35.5% vs 23.4%, P = .04), in comparison with those included in the analytical sample.
The median age for all mothers was 30 years (IQR, 27-33), 231 (46.3%) were primiparous, and 77 (15.4%) gave birth by cesarean delivery (Table 2) . Kaplan-Meier point estimates of breastfeeding rates were 88% and 32% at 1 and 6 months of infant age, respectively. Of the 424 
Overall, 28 mothers (5.6%) failed to continue breastfeeding by 14 days of infant age. The BAS yielded an area under the ROC curve of 0.70 (95% CI: 0.65 to 0.74) for predicting early breastfeeding cessation. A BAS value lower than 8 predicted breastfeeding cessation within 14 days of infant age with a sensitivity of 77.3% and a positive predictive value of 9.0% (Table 3) .
Calibration was inadequate graphically in the external validation cohort ( Supplemental Fig 3) : the BAS overestimated early breastfeeding cessation rates, as reflected by calibration-in-the-large estimate equal to 5.6% (95% CI: 3.5 to 7.8; Table 4 ). Logistic regression calibration coefficients (intercept = 20.85, P , .001, and slope = 0.88, P = .65) and U-statistic (P , .001) confirmed highly significant departures of observed frequencies from BAS-predicted probabilities of early breastfeeding cessation. Discrimination and calibration measure estimates remained rather unchanged after multiple imputation of missing values for the predictors that comprised the BAS (Supplemental Tables 10, 11 , and 12).
Systematic Review and Meta-analysis
Literature Search
A total of 288 unique citations were identified through database searching (Fig 1) . Nine additional records were identified through other sources. After excluding 278 citations on the basis of the title and abstract review, the full text of 19 articles was retrieved for more thorough review. Five studies, including the present one and totaling 3630 mother-infant pairs, were included in the metaanalysis (Table 5 ). Reasons for exclusion of the remaining articles include derivation or validation of another clinical prediction model (n = 10), partially redundant data (n = 3), insufficient data (n = 1), and qualitative study design (n = 1; Supplemental Table 13 ).
Characteristics of Included Studies
Two studies were conducted in the United States, whereas the other studies enrolled patients in Western Europe. All studies were prospective in design and recruited consecutive mother-infant pairs. The median prevalence of early breastfeeding cessation was 10.6%, ranging from 2.6% to 33.4% across studies ( Table 5 ).
Assessment of Study Quality
Four primary studies, including the present one, fulfilled 5 or more of the QUADAS-2 tool criteria (Supplemental Table 14) . 9, 14, 15 One a Seventy-five observations with a missing value for 1 or more clinical predictors comprising the BAS were discarded from the main analysis. b Calibration-in-the-large estimate is relevant only for external validation because there is a correspondence between the average predicted probability and observed frequency of the event of early breastfeeding cessation in the derivation cohort. 22 Calibration-in-the-large estimate was 5.6% (95% CI: 3.5 to 7.8) in the external validation cohort. study, 16 which recruited a convenience sample, evaluated a reduced BAS, and used cessation of exclusive breastfeeding within 30 days of infant age as the reference standard, was at higher risk for selection bias and applicability concerns.
Accuracy of the BAS in Predicting Early Breastfeeding Cessation
Point estimates for BAS predictive performance with a value lower than 8 ranged from 0.52 to. 0.92 for sensitivity (I 2 : 95%) and from 0.23 to 0.79 for specificity (I 2 : 99%) across 5 studies providing data for 3549 mother-infant pairs (Fig 2) . The summary estimates were 0.75 (95% CI: 0.59 to 0.86) for sensitivity and 0.58 (95% CI: 0.39 to 0.74) for specificity. No evidence of selective reporting was found graphically (Supplemental Fig 4) or statistically (P = .44).
When restricting the analysis to 3169 mother-infant pairs enrolled in the 4 studies fulfilling 5 or more QUADAS-2 tool criteria, a BAS value lower than 8 predicted early breastfeeding cessation with summary estimates of 0.80 (95% CI: 0.69 to 0.91) for sensitivity and 0.51 (95% CI: 0.32 to 0.70) for specificity. The corresponding positive and negative likelihood ratio estimates were 1.64 (95% CI: 1.20 to 2.08) and 0.39 (95% CI: 0.28 to 0.50), respectively.
DISCUSSION
In this external validation study, the BAS discriminated mother-infant pairs at higher risk for early breastfeeding cessation consistently with the original derivation sample, as shown by comparable areas under the ROC curve (0.70 vs 0.73). Yet, the rate of early breastfeeding cessation for mothers with a BAS lower than 8 was 9% in the current study as compared with 21% in the original derivation sample, reflecting inadequate calibration.
Overall, the predictive performance of the BAS is supported by its derivation and validation from over 3540 mother-infant pairs enrolled in 5 prospective cohort studies in the United States and Western Europe (France and Italy). The accuracy of this clinical prediction model has been assessed in various settings (23 hospitals or birth centers) and in a broad spectrum of mother-infant pairs (Table 5) . However, the clinical usefulness of the BAS may be questioned for several reasons.
FIGURE 1
Flowchart of literature search process.
First, the BAS yielded moderate sensitivity (0.80) and specificity (0.51) summary estimates, even when restricting our meta-analysis to higher-quality primary studies. The corresponding positive (1.64) and negative (0.39) likelihood ratio estimates failed to achieve thresholds (ie, 10 and 0.1, respectively) that are considered as strong evidence for ruling out or ruling in the event of interest in most clinical circumstances. 28 The clinical implications of these findings can be anticipated by deriving posttest probability estimates of early breastfeeding cessation through Bayes' rule. At a 10% baseline cessation rate, the probability of a mother-infant pair having a BAS lower than 8 would be 0.52, with a 0.15 posttest probability of early breastfeeding cessation (95% CI: 0.12 to 0.19). In contrast, the posttest probability of early breastfeeding cessation would be 0.04 (95% CI: 0.03 to 0.05) for mother-infant pairs with a BAS equal to or higher than 8. These posttest probability estimates indicate that risk stratification on the basis of the BAS may not fully capture the dynamic nature of breastfeeding initiation that makes mother-infant pairs vulnerable to events during the first 2 weeks postpartum. 3, 29 Although the BAS comprises early markers of breastfeeding difficulties during the hospital course, other factors may contribute to early breastfeeding cessation, including concerns with milk supply or neonatal weight loss and lack of adequate support after being discharged from the hospital.
Second, miscalibration was another caveat for the use of BAS, undermining its transportability to other countries or settings. Differences in baseline early breastfeeding cessation rates between the original derivation (10.6%) and external validation (5.2%) samples might explain this observation. Yet, calibration could be easily improved by adjusting the 9 Laborde et al 2007 14 Mercer et al 2010 15 Zobbi et al 2011 16 Present original logistic regression intercept to mother-infant pairs in the validation sample (data not presented). Indeed only the calibration intercept differed from 0, whereas the calibration slope remained close to 1. To prevent overfitting, updated BAS should ideally go through external validation, as would a newly derived clinical prediction model. 30 Third, the BAS value was undocumented for 15% of mother-infant pairs included in our external validation study. Although this clinical prediction model comprises only 8 predictors, its application may be challenging without training and the use of an electronic or paper-based support tool. It should be emphasized that all predictors are objective measures, with the exception of latching difficulty assessment. Reliability is another important characteristic of the BAS, which still needs to be formally assessed.
Fourth, limited evidence exists on BAS accuracy among late preterm infants, although infants with a gestational age between 35 and 37 weeks are within the scope of this clinical prediction model. Indeed, late preterm infants were eligible in only 2 of the 5 primary studies included in our systematic review, and BAS accuracy estimates were not reported separately for this subgroup. Because of a higher risk for breastfeeding discontinuation after discharge, 31, 32 we cannot exclude that the BAS performs differently in late preterm infants.
According to our findings, mother-infant pairs with BAS equal to or higher than 8 are suitable for standard care, although they are likely to benefit from monitoring through a 1-week postpartum routine visit. 10, 33 More extensive breastfeeding assessment and consultation with lactation specialists has been advocated for mother-infant pairs at higher risk for early cessation as predicted by BAS lower than 8. 9, 15 Yet, neither primary nor metaanalysis of accuracy studies can provide direct evidence on the effectiveness of the BAS for improving breastfeeding-related outcomes. Prospective management studies are needed for establishing the efficacy of BAS in guiding the provision of breastfeeding support to mothers at higher risk for early cessation. Only cluster randomized controlled trials can provide the highest level of evidence on the effectiveness of BASbased interventions in altering breastfeeding assessment practices at the maternity ward, providing adequate support for at-risk mother-infant pairs, and ultimately decreasing early discontinuation rates.
This meta-analysis totaling 3549 mother-infant pairs enrolled in prospective cohort studies that have been completed since the original derivation of the BAS summarizes the most recent evidence on the accuracy of this clinical prediction model. However, this meta-analysis has several limitations that must be considered.
First, substantial between-study heterogeneity inevitably limited the interpretation of summary accuracy estimates, although we used bivariate mixed-effect regression and performed subgroup analysis of higher-quality studies. The reasons for heterogeneity in estimates related to variations across original studies in terms of setting, mother-infant pair characteristics, baseline early cessation rate, and timing of breastfeeding status assessment.
Second, primary studies were identified by carrying out an extensive literature search and contacting research groups that had derived or validated the BAS. We did not find evidence of selective reporting, although statistical tests and graphical methods for detecting publication bias may be misleading when applied to meta-analyses of diagnostic accuracy studies. 27 Third, a major methodological concern with primary studies relates to the reference standard for early breastfeeding cessation. Studies that assessed the prevalence of any breastfeeding at fixed time points may have contributed to underestimating breastfeeding duration because some infants who were breastfeeding irregularly may not have been breastfed within the recall period. Other studies that assessed breastfeeding duration retrospectively might be prone to recall bias or imprecision. Although variations in breastfeeding duration estimates have been reported with time of recall, there is limited evidence on the potential for bias over the short-term recall period. 34 Fourth, 2 of the validation studies, including the present one, had
FIGURE 2
Coupled forest plot of sensitivity and specificity for BAS value lower than 8 in predicting early breastfeeding cessation (n = 5 studies). FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive.
a relatively limited effective sample size. Although few data exist on sample size requirements, field experts consider that at least 100 events and 100 nonevents are required for assessing model performance in an external validation sample. Fifth, the primary studies were conducted in the United States or in Western Europe and these findings may not apply to patients from other regions.
CONCLUSIONS
Despite substantial between-study heterogeneity, this meta-analysis confirms that the BAS discriminates mother-infant pairs at higher risk for early breastfeeding cessation with moderate accuracy. Yet, locally recalibrating the BAS is strongly recommended before its implementation. Further study is warranted to determine whether this clinical prediction model can help pediatricians identify mother-infant pairs that may benefit from additional breastfeeding support.
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